The paper considers the usability of the World Wide Web in the light of a decade of research into the usability of hypertext and hypermedia systems. The concepts of virtual hierarchies and virtual networks are introduced as a mechanism for alleviating some of the shortcomings inherent in the current implementations of the web, without violating its basic philosophy. It is suggested that virtual hierarchies and virtual networks will assist users to find task-relevant information more easily and quickly and also help web authors to ensure that their pages are targeted at the users who wish to see them.
Introduction
This paper presents a framework in which existing hypermedia usability research can be applied to the World Wide Web (web) to assist individuals to find the information they need and to help web authors present their information more effectively. The paper first examines the relationship between the assumptions underlying usability research and the way in which the web is built, maintained and used in practice. It is concluded that the web cannot realistically be considered as a single hypermedia structure to which usability research can directly be applied. Nonetheless, it is argued that, if the web is to be a major information source for the future, it must be desirable to increase the effectiveness of its use wherever possible. Thus, it is appropriate to study the results obtained from usability research to identify instances where they may be applicable. One possible approach to improving usability is presented in this paper. The ideas are illustrated using, as a case study, an existing system designed and developed by the authors under a 3 year contract (April 1992 to March 1995 from the UK Economic and Social Research Council. The system provides an information identification and retrieval service for Global Environmental Change researchers and was originally designed to be used either via email or through remote log-in but has, in practice, used the web as its principal delivery mechanism since the service became operational in July 1994.
Usability research, task-oriented behaviour and the web
In order to assess the usability of an artifact, it is necessary to ask what it is being used for and by whom. A garden fork may be a useful means of preparing soil prior to sowing seeds in a small garden, but is not so useful for preparing soil on a 20 hectare farm field, and cannot easily be used by someone who has no arms. Thus, the usability of any system must be expressed as a function of particular users performing particular tasks in a particular environment. It should be noted, however, that once users become familiar with an artifact and decide that it is usable they will routinely adapt the tasks they perform so that the artifact can be used.
The web is currently being offered as the universal panacea for all users performing any information seeking task. ''Look and you shall find'' and ''Everything you could ever want is there'' (e.g. Steinberg, 1996) seem to be the slogans of the proponents of the web, who point out that there are already many millions of publicly accessible items, that the number is increasing and the rate of increase is increasing. These statements appear, on the face of it, to be contradictory in that, if all the items anyone could ever need are already in place somewhere on the web then there would be no need to add any more. An alternative view is that there is a problem in finding the information that is available. If this is the case there is clearly a need to look at ways of improving the existing situation by making the web more usable for people seeking information (and more useful for authors who want their information to be found).
It is obviously possible to assert that the web is so different from anything that has ever gone before that all previous usability research is irrelevant. However, on the face of it, the web can be regarded as predominantly hypertext, and, over the last decade, much effort has been expended on hypertext usability research. Thus, before starting again, it seems sensible to examine the existing research and see what, if anything, can be applied to the web.
The next subsection considers the literature which has reported on the relationships between the structure of information, the provision of hypertext navigation aids and the tasks being performed. This is followed by an examination of the ways in which users have been observed to interact with hypertext systems. A third subsection examines the measures of usability that have been proposed. The possible relevance of the research to the web is briefly considered in each subsection. Based on this research and on other sources of evidence (e.g. user surveys) for what users might want in their interactions with the web, the following section presents a suggested list of user requirements. Section 4 then assesses the degree to which current web systems and services (e.g. browsers, search engines and catalogs) can be used by users and data providers to meet those requirements.
MATCHING TASKS, INFORMATION STRUCTURES AND NAVIGATION AIDS IN HYPERTEXT
Several authors have considered the relationship between the type of task being performed and the way that information is structured in a hypertext system. Mohageg (1992) , Wright and Lickorish (1989) , Gay, Trumbull and Mazur (1991) , Rada and Murphy (1992) , Utting and Yankelovich (1989) and Hardman (1989) all stress the need for the information in the hypertext to be structured in such a way that it supports users' tasks. These studies have all considered the effects on task performance of different types of task and different ways of structuring information (hierarchical structures, network structures and combinations of the two).
A major source of hypertext usability problems stems from the fact that hypertext systems are designed to encourage and facilitate browsing. Unfortunately for the usability researcher, due to its serendipitous nature, browsing behaviour is very difficult to quantify. Furthermore, it could be argued that if a user is given a task to perform, then the problem immediately becomes one of information retrieval (i.e. searching) rather than browsing. In order to address this problem in part, an attempt has been made, in a number of studies, to simulate browsing behaviour by varying the nature of the task. Whilst the task types studied have been described differently by different authors (e.g. Wright and Lickorish-''Go to'' vs. ''Compare''; Mohageg-''hierarchical'' vs. ''relational''), two main task types can be identified: ''searching'' tasks, which require the user to find information from one place in the structure, and ''exploratory'' tasks, which require the user to find related items of information within the structure.
This concept of exploratory tasks serves to simulate ''goal-directed'' browsing in such a way that user performance can be measured. When using such measures, however, it should be remembered that the goal is the researcher's and not the user's and that the goal remains static. For ''true'' browsing the users have their own goals (implicit or explicit) which may or may not be obvious to the researcher. Additionally, when browsing, the user's goals may change over time as information is gathered and goals are changed or refined accordingly.
The research cited above has shown that exploratory tasks are best supported by a network or combination information structure, whilst searching tasks are best supported by an hierarchical information structure. Indeed, Mohageg's findings were that attempting to perform searching tasks in a network structure produced a detrimental rather than neutral effect on task performance.
Research has also shown that if a navigation aid is to be provided for a hypertext system, then the choice of navigation aid should be determined by the types of task to be supported by the system (Monk, 1989; Wright & Lickorish, 1989; Hammond & Allinson, 1989; Edwards & Hardman, 1989) . These studies found that for ''searching'' tasks, index navigation aids were preferred and also produced better performance. They also found that, for ''exploratory'' tasks, graphical representations of the information strucutre were most appropriate.
VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS
To summarize, it would appear from the above findings that searching tasks are best supported by hierarchical information structures and, if a navigation aid is provided, by index navigation aids. Similarly, exploratory tasks are best supported by network information structures and by navigation aids in the form of graphical browsers, if a navigation aid is provided. This assumes, of course, that there is only one task, or one type of task, that is being performed by all the users. Given the number of potential users of the web and the disparity of their interests this cannot be a realistic expectation. Inevitably, different users will have different requirements, some will wish to explore while others will be searching. The same basic information may be applicable in either case. However, the structure would need to be different if the tasks were to be supported optimally. The conclusion must therefore be that no single information structure will ever be entirely satisfactory.
USERS' INTERACTION WITH HYPERTEXT SYSTEMS
The research cited above simply categorizes tasks as either ''searching'' or ''exploratory''. However, as might be expected, where different users are performing those tasks, the situation is more complex and much of the evidence appears to be contradictory. In observational evaluations of hypertext systems, both Gray (1990) and Hardman (1989) found that users employ a variety of information-seeking strategies. Hardman suggests that while typical tasks will be known before creating a hypertext, knowing exactly how readers will use the hypertext for those tasks is unlikely. Nevertheless, some common search strategies were uncovered: Hardman notes that many users return frequently to the screen from which they started, suggesting that the desire to get back to a known place outweighs the effort involved to work out a route which will take them from where they are to where they want to go. She also found that users showed reluctance to search thoroughly for information. Gray, however, found that some users deliberately explore the same category repeatedly in the expectation of finding information that they believe should be there, while others wander off a subject and still hope they can find relevant information. Gray further found that users understood categories and words to have meanings other than the ones the author intended them to have. This supported the findings of Remde, Gomez and Landauer (1987) , who suggested that the main cause of inability to find information in a system is that users describe what they are looking for in different terms to those the system knows.
From observational evidence, Hardman suggests that links which take readers from one section to another, across the hierarchical structure, are useful, as long as there is sufficient information to allow readers to reorient themselves or return directly to the original screen. Gray, on the other hand, found that users consider link navigation illogical and that they mistrust links as the feature of the system that gets them off the topic, causes them to miss information or gets them lost.
The conclusion from the studies examined above seems to be that users are different in their reactions but that, almost universally, where misunderstandings are possible then misunderstandings will occur. Another conclusion could be that people frequently behave in ways that appear counterintuitive to the designer. However, although people with different backgrounds draw different conclusions and take different actions, a system designer cannot conclude that users do not behave rationally. As an example, consider three users who try to find the same information without success. Two give up, the third repeats the search. The first might argue ''I am not sure that I understand the system, it was worth having a go but, if I cannot find what I want then I need training before I use it''. The second could be thinking ''I am sure that I understand how the system works and I am sure that I did the right things, so the information I want cannot be there'', while the third thinks ''I believe I understand how the system works and I believe the information in the system is comprehensive so the information I want must be there, therefore I must have missed it or made a mistake''. These examples show that perceived ''problems'' with a failure to find the required information in an information system may occur for many reasons. The most obvious are the following.
(i) The system does not contain the required information but the user believes it must be present. (ii) The required information is in the system but it is not visible to the user (the cues are not suitable for that user performing that task, i.e. the presentation of the information itself or of the route to the information does not match the expectations of the user). (iii) The user does not feel sufficiently confident that he or she understands how the system operates to decide between the two.
Different remedial actions would be required of the system designer/information provider in each of these cases if the system is to be made more usable for that user carrying out that task with those expectations. What is worse, taking appropriate actions to ''correct'' one problem may make the system less usable for a person with a different expectation. As an example, adding information makes it more likely that a user will believe that the system is comprehensive and thus less likely that the user will accept that the required information is not present. Similarly, adding links using different terminology may make it more likely that the appropriate cue is present, but may also make it more likely that this cue is overlooked.
The multitude of potential users for any web site, or service, ensure that, no matter what level of detail is chosen, there will be some users who will believe there is too much detail and some who believe there is too little. As in the previous subsection, the only realistic conclusion must be that no single structure or set of services will ever be appropriate for all users at all times.
MEASURING HYPERTEXT USABILITY
The previous two subsections have discussed the research findings relating to information structure and service provision and have concluded that there can be no single optimal structure. This subsection considers, as an alternative, the ways in which the usability of hypertext structures and services have been measured in practice.
In many of the studies, hypertext usability has been measured in terms of the efficiency with which users perform some defined task, using measures of task completion time, accuracy of task performance and errors (characterized as a deviation from some optimal or expected path through the hypertext). It is at least arguable whether these measures are appropriate for the assessment of any hypertext, and further problems can be expected to arise when attempting to use them to measure the usability of the web VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS (Smith, 1994) . Nevertheless, the main measures and findings are examined below in relation to their possible use for the web.
A number of hypertext usability studies have been performed using the time taken to complete some predefined task as a measure of user efficiency. These include studies of orientation and navigation (e.g. Wright & Lickorish, 1989; Webb & Kramer, 1990) , comparisons of hypertext and other formats (e.g. Gray & Shasha, 1989; Beard & Walker, 1990; Leventhal, Teasley, Instore, Rohlman & Farhat, 1993) and investigations into the relationship between task type and information structure (Rada & Murphy, 1992; Mohageg, 1992) . Whilst it is accepted that task completion time could be an indicator of efficiency, since more efficient users would take less time to complete tasks, there are nevertheless other factors which affect task times, including, e.g. whether users perceive themselves to be ''lost'' and individual users' styles of working. Task completion times are, of course, even less appropriate as a measure of user efficiency if the information to be retrieved is widely distributed (as in the web), where they can become mainly indicators of network speed and/or traffic.
Some of the studies mentioned above have also used the number of errors made as a measure of hypertext usability (Wright & Lickorish, 1989; Tripp & Roby, 1990; Beard & Walker, 1990) . However, it is suggested here that the concept of ''errors'' is inappropriate for a hypertext system which is specifically designed to facilitate browsing and exploration. Deviations from an ''optimal'' path required to complete a task have also been considered as a measure (Simpson & McKnight, 1989; Webb & Kramer, 1990; Mohageg, 1992) but this still discourages exploration. Nevertheless, it can be useful to consider what users are doing when they deviate from such a path. For example, the users may be lost, they may have found an interesting digression or they may be trying to verify information they have found. Additionally, these measures can be used to gain insights into the behaviour of users when navigating and searching in a hypertext system (Canter, Rivers & Storrs, 1985; Canter, Powell, Wishart & Roderick, 1986) . All of the studies cited have been performed with fairly small hypertext systems for which the extent and structure of the hypertext has been known to the assessor. It is not clear that the results of these studies can be directly applied to the web for the following reasons.
(i) Users are performing different tasks, and have different skills.
(ii) There is no agreed concept of a ''right way'' against which to judge ''errors''. (iii) Although the web is, at any one moment, a bounded space, the boundaries cannot be known and, furthermore, are constantly changing. (iv) There are no common organizing principles applied to the web (one of its biggest advantages is thought to be the ability for anyone to create and publish a new web page providing links to existing pages) and therefore the structure of the whole cannot be determined.
The essential question is, therefore, ''are any of the measures described so far appropriate for spaces that, if they are organized at all, are organized by different people using different techniques''? If the answer is ''no'', then the secondary question would be ''what measures are appropriate''? Since it is likely that there are no measures which can be used in all conceivable circumstances, an alternative approach may be to find out what usability problems occur with particular services in practice and then to see whether the results can be generalized. One means of identifying problems is to record (log) interactions for subsequent analysis, something which has been done by database managers for some time and which is easy and convenient to do on the web. Another common technique is to offer facilities which encourage users to provide feedback on their experiences. Both techniques are advocated by Shneiderman (1997, this issue) and examples of their use in the GENIE service are briefly discussed in Section 8 (Evaluation) below.
Usability criteria applied to the web
The foregoing discussion has endeavoured to summarize the main conclusions of hypertext usability research and to examine the relationship between the assumptions underlying these studies and the practicalities of web usage. This can be combined with analyses and surveys of Internet and web usage to identify the following user requirements.
(i) Obtaining the required information when it is requested-this covers both the matching of the retrieved information to the users' task and getting the information in time (the need for adequate speed has been taken as given for most usability research but is a real issue for users of the web). (ii) Finding the information that is required (knowing where to look, selecting the right starting point); this too is taken as self-evident in ''closed'' research studies but is a problem for web users. (iii) Being able to identify the ''meaning'' of a link so that the page that is fetched matches the expectations raised by the link (this requirement is heightened if pages take a long time to arrive). (iv) Being able to get an overview of the information that is available to assist in the accomplishment of a specific task. (v) Being able to selectively inspect the information using an overview as a guide (forming a plan for inspecting information, being guided to the most relevant information first). (vi) Being able to browse to find ''related information'' once a primary task is complete.
It should be noted that other authors in this special issue appear to identify similar requirements. The discussion of the desirability of query previews presented by Shneiderman (1997, this issue) implies the need for rapid retrieval [requirement (i) above] and specifies the need for overviews of information to be provided to help guide the users' search [requirements (iv) and (v)]. The latter two requirements are also explicitly identified by Bieber, Vitali, Ashman, Balasubramanian and Oinas-Kukkonen (1997, this issue, Section 3.7) and are implicitly identified by Thimbleby (1997, this issue) in the support provided by Gentler for visualizing link connectivity (Section 3.5) and for forming index links (Section 3.3). In addition, Gentler provides support for authors specifying several types of links (Section 3.3). Requirement (iii) above can thus be deduced using the duality principle advocated in that paper. This requirement is also indicated as being highly desirable by both Bieber et al. (1997, this issue) and Benyon, Stone and Woodroffe (1997, this issue) .
VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS
The next section discusses the inherent difficulties of getting the distributed information providers on the web to produce pages matched to the disparate tasks being performed by the users. It also compares the support services provided by conventional catalogues and search engines with the facilities that might be desirable. The remainder of the paper then discusses an approach to meeting the requirements listed above which is consistent with the ''freedom of expression and representation'' philosophy of the web. The discussion is illustrated by examples taken from a service which was designed and developed to meet the requirements.
Searching and exploring in the web to find useful information
Viewed as a hypertext with attached hypermedia appendages, the web can be argued as being designed to support exploratory (browsing) behaviour. However, it already contains more sites than any individual could visit in a lifetime. Thus, users cannot browse randomly in the hope of finding interesting information. Furthermore, browsing is not appropriate where the user has a specific task in mind. The alternative approach, which appears to be adopted by most users in practice, is to select a page or a site, which they regard as a suitable starting point and then either follow promising links to complete a particular task or browse related information. This technique assumes that relevant pages are likely to be cross-linked and therefore to appear in a cluster. In practical terms, not all pages related to a subject would necessarily be reachable from a single starting point if only promising pages are visited (i.e. there would be several independent information clusters). Therefore, a user who needs information about a specific subject would need a collection of starting pages, one from each of the clusters which contain relevant information. However, as soon as the number of potentially relevant pages becomes large, even browsing relevant pages becomes a time-consuming task. Under these circumstances, a user might wish to have the pages organized so as to facilitate the efficient completion of their task.
Later sections discuss the possibilities of providing a practical service which permits users to specify their task and to define the structures (i.e. virtual hierarchies and virtual networks) which will assist them to complete it effectively. The remainder of this section concentrates on what is achievable with the existing tools. A brief overview is given of the facilities provided by the subject catalogs, the search engines and the browsers. This is followed by an examination of the possibilities of persuading users and information providers to make more effective use of the web.
SEARCH ENGINES AND SUBJECT CATALOGS
Finding appropriate starting pages is clearly a ''searching'' task. Based on the preceding discussion of usability research, an hierarchical structure should therefore be provided with indexes to assist with navigation. A large number of academic and commercial web sites have been created in an attempt to meet this need and some the most well known (e.g. Alta Vista, 1997; Yahoo, 1997) are now claimed to be the most visited sites on the web. However, each of these sites provides a different set of services, offering various different approaches to indexing, different search facilities and different ''coverage'' in terms of both the sites indexed and the frequency of indexing. Steinberg (1996) discusses some of the approaches that have been taken by the providers of web search services to categorize and organize knowledge, while Slot (1996) examines aspects of subject catalogs and search engines as an adjunct to an appraisal of their usability.
One way of categorizing the current services would be to distinguish between those in which the providers of the search site index the information that they find on the web and those where the information in pages is indexed automatically. Within this first category, different methods of indexing can be distinguished ranging from a strict ''editorial'' point of view of the indexers, as adopted by Yahoo to a full inverted text index via statistical classification techniques as used by Excite. A second categorization would cover the information that was inspected (the complete site, representative pages, summaries of pages, titles, URLs) and the frequency of inspection (the web is dynamic, pages change, pages and servers are removed or disappear and new pages and servers appear so that an index can soon become out of date). A third categorization would cover the search methods that were offered (e.g. simple keyword, boolean expression, proximity) and the information spaces that could be searched. A fourth category would address the degree to which the user and the original data provider (as opposed to the index site manager) can influence the way in which the information is indexed and returned in order to optimize the performance of a particular task.
At present, the main concentration of effort at the indexing sites appears to be on the issues of the method of indexing and the coverage. This has resulted in a significant number of engines being created, each of which uses its own set of algorithms for identifying and indexing pages. Although there are also some differences in the searching algorithms this seems mainly to be in the degree to which they allow more complex (boolean) searches and whether they permit the search space to be specified (e.g. full text, titles, URLs). Finally, there seems to be virtually no way for the original data provider to influence the way in which the data items are indexed and very little ability for the user to change the way the results are returned (the exceptions are the ability of the user to specify the number of results to be returned and, in one case, to provide data for the relevance ordering algorithm).
At present, each search engine returns a list of page descriptors (usually titles) as the result of a search. Ideally, the pages identified would be the starting point for browsing (i.e. the ''lead pages'' for separate information clusters). However, in practice, they are likely to be a mixture of starting pages and pages from within clusters. Furthermore, different search engines normally return different lists of pages for what is ostensibly the same search (due to differences in the coverage and in the indexing and search methods). The task of finding relevant pages has thus been transformed to the task of selecting a suitable search engine, or of reviewing the output from a selection of engines. Even the latter task becomes a serious problem where the number of pages identified by individual search engines is large.
Meta-search engines, such as Inference (1997), have been introduced to address this problem. These take the query specified by the user and initiate parallel searches on a number of the search engines collating the results that are returned. This creates a simple ''virtual hierarchy'' of the type advocated below which reduces the load on the user. However, the algorithms used for searching the search engines and for grouping the results are being imposed by the (meta-)search system. Neither the user nor the provider of the original information can influence the outcome.
In the case of Inference, the results appear to be grouped by common words in titles (at least 2 adjacent words) or by common source as determined from the URL of the document (organization; group of organizations, such as ''edu'' or geographical source, e.g. European or ''foreign''). It does not appear easy to determine which search engine found a particular item. This is an important caveat since the different indexing and search strategies used may lead to quite different results, some of which will be more relevant to the user than others. It would, therefore, be desirable for a user to be able to exclude particular search engines or to control the method used in the search on an engine and to specify the way in which the results should be grouped. The general problems of applying the same query to multiple catalogs and of organizing the results (e.g. relevance ranking) have been a matter of concern in information retrieval for some time. The NASA Global Change Master Directory provides an overview of several catalogs and identifies a requirement for ''catalog interoperability level 4''. This means transparent access to all of the catalogs using a single search expression supplied by the user, which is transformed so that a semantically equivalent search is performed on each catalog.
BROWSERS AND PAGE GENERATION TOOLS
The search engines and subject catalogs form a middle link in the chain from data provider to user. There are currently a variety of tools which assist data providers to produce pages directly or to package the information in a database in the form of web pages. In the former case, the provider decides the format and content of what will be viewed while in the latter the information provision is separated from the decisions about presentation.
Increasingly, there are also languages (e.g. Java, JavaScript) being offered which allow the ''page'' itself to become a program (thereby raising questions about the meaning of a page). In all cases, once produced, ''pages'' still require the services of a browser before they can be viewed (whether they are visited directly or on the recommendation of an indexing site).
The current web browsers, as their name suggests, predominantly support browsing rather than searching behaviour. They frequently appear to be designed on the assumption that to travel is better than to arrive since they make it easy to move between pages without providing any signposts indicating either what the likely content of the target page is or how long it will take to reach (technically, of course, a copy of the required page is being fetched and this process can be aborted but the perception of travelling is encouraged in the terminology). The browsers also permit the information seeker to mark where they have been in a number of other ways (breadcrumbs, history lists, bookmarks) so that they can revisit pages they have seen. Tauscher and Greenberg (1997, this issue ) discuss the types of history mechanism that are available but note that, with the exception of ''Back'', there was a very low usage of these facilities in their empirical study.
The types of facilities that have been found useful to assist hypertext users to plan their ''route'' and to make purposeful decisions about what to do next (e.g. graphical overview of the network of relevant pages; percentage of user's task done) are not provided in the current browsers. Furthermore, although it would be possible to produce a graphical overview by following links from a given starting page the complexity, size, lack of organization and lack of homogeneity of the network makes it difficult to provide any sense of the conceptual organization. Also, since there is no way in either the browsers or the existing search engines of capturing information about the user's task, no navigational aid can be offered to indicate what proportion of task-relevant items remains to be seen.
The conclusion from the discussion above is that, as it stands, the web does not make it easy for information seekers to locate sites which would assist them to perform a specific task or to configure such a site using existing pages. The web is intended to make it easy for people to produce their own pages and to publish them so that knowledge and interests can be shared. ''Publishers'' (or ''information providers'') may have their own internal picture of the task, or tasks, that they expect the reader who visits their page(s) to be performing but the web provides no way of making this explicit either in the links to their pages or in the links that they provide on their pages. The basic problem for both provider and reader is that there is no prior agreement between them about the meaning of the words on the page, since they are unlikely to have met, or to meet, except through the material on the page.
If the world view adopted by the provider when producing the page happens to match the view of the reader inspecting the page then the information on the page may be useful and the links may lead to interesting places. However, the more probable situation is that there will be some degree of mismatch. As examples, on a leisure page discussing the fitting out of yachts, a link to ''sheets'' could as easily be referring to ''ropes'' as to ''bed linen'' while on a page relating to 18th century battles, link phrases (anchors) including the word ''reports'' might be associated with the noise of guns firing, academic papers relating to the battle or the information that a subordinate passed to their commander before, during or after the battle.
However, if facilities could be provided by software which would permit data seekers to define their requirements and to receive pages that were more accurately targeted at their requirements than is currently the case, without requiring page producers to rewrite their pages, this would, clearly, be beneficial. Furthermore, if feedback could be obtained on the use and usefulness of existing pages then this could be published as a guide for data providers when producing new pages. Both of these possibilities are explored further in what follows using examples from the GENIE system.
Adding structure and navigational aids without violating the web philosophy
From the forgoing discussion, it is clear that it would be possible to say that the web is not suitable for searching as it stands and suggest that it should be changed so that authors were required to supply structuring information. However, this both violates a basic philosophical principle (authors are currently free to publish whatever data and links they want providing they use HTML to do it) and begs the question ''whose structuring rules?''. The alternative, which we are advocating, is to make it possible for a user, acting as either a data provider or an information seeker, to create ''external'' task-related searching and navigational support services ''on top of '', but using, existing web facilities. It is argued that such services can offer improved usability for an VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS information domain which contains information provided by many people by offering virtual hierarchies. It is also argued that virtual networks can be created which provide additional link structure for existing pages no matter where these pages originate.
Virtual hierarchies structure an information space from a single viewpoint allowing users who are new to the information or to the viewpoint, to see the information as the author/designer of the hierarchy believes it should be seen. This permits a coherent view to be imposed on information which comes from many sources. It also permits several different viewpoints to be created on top of a single information space.
Virtual networks structure the link space offering a coherent guide for users who wish to browse once they find one or more information items that interest them. Since the virtual network is external to the information space, as advocated by Bieber et al. (1997, this issue) , several can coexist. Furthermore, new networks can be created if required. Thus, given suitable tools, it is possible for both permanent and temporary (dynamic) virtual networks to be created. Permanent networks would be appropriate where many people share a viewpoint and/or the viewpoint is expected to continue to exist for some time. Dynamic networks are more useful for exploration in a ''new'' information space (e.g. when a set of information items has been selected as a starting point, a virtual network can be constructed to provide an overview of the resulting information space).
The approach advocated provides a set of ''meta-structure'' rules which allow authors and users to define their own structures (networks and hierarchies) and to define the rules that are to be used to create and manage those structures. The idea of providing meta-structuring rules is present in Gentler (Thimbleby, 1997, this issue) , which permits an author to define page structure as a separate document and also maintains separate link bases.
The following section describes the philosophy of the approach that has been used by the authors and illustrates the possibilities using examples taken from the UK Global Environmental Network for Information Exchange (GENIE) Service. The remainder of this section outlines the background to the service and to the software that was used to provide the service.
THE GENIE SERVICE AND THE WEB-BASED GENIE CASUAL USER INTERFACE
The GENIE service was created to make information about global environmental change (GEC) data holdings more readily available to researchers throughout the UK and to advertise UK GEC data holdings to researchers throughout the world. The project to design and develop the service was funded by an open tender contract awarded by the UK Economic and Social Research Council. This contract, which commenced in April 1992 and terminated in March 1995 was awarded to a consortium led by one of the authors (IAN). All three authors worked on the project which was completed successfully within the contracted period. The web-based GENIE service was the most visible of the outputs produced by the project and provided answers to thousands of queries during the period July 1994 to March 1995. At the end of the contract Loughborough University decided to continue to offer the service while it was still being accessed but not to update it unless additional funding was provided.
The task undertaken by the project was neither to collect data nor to produce descriptions but to make use of existing machine-readable data and descriptions held by the major environmental agencies in the UK and abroad (e.g. Meteorological Office, British Antarctic Survey, NASA). The characteristics of the data and the descriptions were that they existed, they had been produced by different organizations for different purposes and that neither the organizations themselves, nor the project staff, had the funding to rewrite them to make them more suitable for dissemination to a wider audience. At the outset of the project, the majority of the information was held in files and databases at separate specialist sites and could only be obtained by accessing the sites directly and performing a search there, or, in some cases, by accessing the NASA Global Change Master Directory and searching from there. Since the GENIE service became operational some of the information providers have created web sites and have produced web pages from some of their holdings. Nevertheless, the GENIE Casual User service on the web still appears to provide a useful starting point for Global Change researchers seeking information since the web site is still being visited on a regular basis.
REQUIREMENTS AND CONSTRAINTS FOR THE CASUAL USER SERVICE
The particular problems that had been identified and needed to be solved in order to create the GENIE service related to the Internet itself, to the existing GEC information and to the expected audience (see Ruggles, Medyckyj-Scott, Newman & Walker, 1992; Medyckyj-Scott, O'Brien & Newman, 1993; Bowman, Danzig, Manber & Scwartz, 1994; Medyckyj-Scott, Cuthbertson & Newman, 1996 ; for a more detailed discussion). The proposed solution had to offer the following.
(i) The use over the Internet of the existing information (as produced by different organizations for different purposes). (ii) A single point of reference from which all information relating to Global Environmental Change might be found, no matter where the information physically resided (eliminating the need to search blindly). (iii) Assistance in locating information using task-relevant terminology (without requiring information providers to change their descriptions). (iv) Rapid acquisition of information and reduction of network loading.
As can be seen, although the project was commenced well before the web became a practical means of disseminating information, the basic problems that were identified are very similar to those of using the web itself as discussed in the previous sections. It can, therefore, be argued that the solutions adopted in GENIE should be more generally appropriate for information management on the web. This proposition is borne out by the fact that, although the original design was for a service using email and remote log-in for enquiries and information dissemination, a web interface was added just before the service went live in 1994 and this has been by far the most used method of access.
VIRTUAL HIERARCHIES AND NETWORKS IN THE CASUAL USER SERVICE AND IN THE UNDERLYING SOFTWARE
When reading the following section it should be noted that, in the public GENIE service, the virtual hierarchies and virtual networks have been imposed on the existing VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS information with a particular task in mind (an environmental researcher making occasional searches for information relevant to their research). This approach appears to violate the principle advocated above of not imposing structuring rules. The imposition of the structural framework described below was a deliberate design choice for this particular service which was taken to simplify access and to reduce the probability of cognitive dissonance for a ''Casual User''. With reference to the classification used in Shneiderman (1997, this issue) , the site was designed for first time and intermittent users, and not for experienced users who could be expected to use more flexible facilities effectively. The additional structure has been provided collaboratively by integrating recommendations from the data providers, comments from users and information gathered from automatically indexing some of the material which was submitted. In the GENIE web service, there is only one publicly available search space (the concept space, see below) which users access to formulate queries. However, several private spaces are maintained to assist data providers to manage, access and index their own data.
Virtual hierarchies and virtual networks: the GENIE service
This section describes the use of virtual networks and virtual hierarchies in the GENIE Service. It should be noted that the same approach, using the same underlying support software, has been applied in a number of other situations by the authors, by their research team colleagues and by students at Loughborough. Both the approach and the software have also been used by a team in New Zealand whose ''Guild on the Web'' site (Guild-on-the-Web, 1996) was recently voted ''Best Spatial Site'' for 1996 by Computer World New Zealand. The GENIE Service was chosen to illustrate the ideas because it has been operational on the web (GENIE, 1994) since 1994 and because the underlying information originated from many different organizations and was not initially web or even hypertext, based. The GENIE Casual User Service (GCUS) allows researchers to find information that is relevant to their research no matter which organization it originates from. GCUS provides a single coherent viewpoint for researchers by offering a simple hierarchical structure combined with powerful but easy to use search facilities, plus a dynamically created virtual network to allow them to browse from an interesting page. The GENIE Service, as a whole, also offers the organisations that provide the information, the ability to create and publish their own virtual hierarchies and static virtual networks if they wish to offer their own structured viewpoint on the information.
The ''atomic objects'' (Shneiderman, 1997, this issue) which are being sought and retrieved by users using GCUS are web pages containing information published by a data provider. These pages form the bottom level of all the virtual hierarchies and the targets for the links in the virtual networks. Figures 1, 2 (a) and 2(b) illustrate two such objects from different sources with differing amounts of structure included within them. Figure 1 shows an information item which is almost unstructured text. Figures 2(a) and 2(b) show the top and bottom halves of an information item extracted from the NASA Global Change Master Directory (GCMD) which required its information provider to conform to rigid structure guidelines.
In addition to the atomic item itself, the GENIE data provider was required to provide a one-line title and at least one indexing phrase. Lists of titles form the penultimate level in the virtual hierarchy (Figure 3 ) while the indexing phrases (also called ''concept phrases'' or just ''concepts'') were used for searching and as the basis for constructing the virtual network.
In consultation with the environmental data centres and the users, the top level of the GENIE virtual hierarchy has been agreed to be the categories ''Topics'', ''Places'', ''Organisations'', ''Data Centres'' and ''People''. These were chosen because it was felt that these would be natural starting points for searches (since they are not disciplinespecific). Also, most of the information items would be stored and managed in some data centre, would have been collected or otherwise sourced by some person or persons within an organization and would relate to one or more spatial locations. The category ''Topics'' was included to facilitate finding subject-specific rather than project-, place-, organization-or person-specific information. A full information management service must provide facilities for adding information (authoring pages and linking them into the virtual networks and hierarchies) and for VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS FIGURE 3. GCUS: list of document titles indexed by the Topic phrase: ''weather' '. retrieving information which has been included in the service. The next subsection outlines the support offered to data providers for capturing information items and including them in different virtual structures. The following two subsections discuss the support provided for a user searching for suitable starting points in the information space and for browsing for related information once a starting point is identified.
SERVICES FOR THE INFORMATION PROVIDER
Information comes into the GENIE Service from two sources. The main source is the major holders and purveyors of environmental information (e.g. British Oceanographic Data Centre, NASA). A secondary source is the researchers themselves. The major data centres could choose either to incorporate their information into the GENIE structural framework (hierarchy and network) themselves or could permit the GENIE support team to specify how it would be included. Other researchers were only permitted to suggest information that might be included and to make recommendations about how it might be incorporated into the structure. The actual inclusion was then undertaken by the GENIE support team.
A ''Trusted Data Providers'' interface was produced which was used by the GENIE support team. It was also offered to those data centres which chose to carry out their own indexing. This interface offered a number of different features including the ability to create ''private'' structures into which the information items would be incorporated. Figure 4 illustrates the interface as it would have been used by a member of the GENIE support team who has obtained the piece of text shown in the left-hand panel. This text came from a file, but an email or an existing web page could also be used as a source. The support team member has supplied a title for the text and has requested an analysis to see where it might fit within the existing Casual User indexing structure. The right-hand panel contains the indexing phrases that have been found, or inferred, by the analysis with each term being placed in its category. The user can then accept or reject each of the terms that have been found. In addition, they can add terms which already exist but which were not found by the analysis, or they can create new terms in any of the categories. The information item, plus title and index terms, is then submitted for incorporation into the service in 
SEARCHING FOR INFORMATION
As might be expected, most of the accesses to the GENIE Service are made by researchers trying to find information. Thus, the first page encountered by a GCUS user ( Figure 5 ) is primarily designed to facilitate searching for Global Environmental Change information. However, to accommodate other possibilities (other roles which the user may wish to FIGURE 6. GCUS: list of known indexing (concept) phrases satisfying a Casual User instigated search. VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS perform), there are links on the page which can be followed by people who wish to provide information or find out more about the project or the service.
The first step for the user who wishes to find information is to supply a key word or phrase in one or more of the categories. In Figure 5 , the user has supplied the word ''weather'' as a topic. When this is submitted, the search system looks in the index of FIGURE 7. GCUS: list of terms by which the document in Figure 1 was indexed. phrases supplied as ''Topics'' during the information acquisition process and finds any which include the word ''weather'' (alternative search strategies have also been implemented and other interfaces offer the user greater ability to control the search). The results are displayed in a second screen (Figure 6 ) which, in this case, offers only one relevant phrase (the word ''weather''). The appearance of a phrase on this screen FIGURE 8. GCUS: list of terms by which the document in Figure 2 was indexed.
VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS guarantees that at least one information item exists which has been indexed by the phrase. If the user selects the topic weather and submits it then a list of the titles of the documents indexed by the term is provided (Figure 3) . The titles are all hyperlinks, so selecting a title fetches the relevant data (Figures 1 and 2) . To minimize network delays and ensure a high overall service integrity, the information is fetched from the nearest FIGURE 9. GCUS: list of document titles indexed by the terms selected in Figure 8 . available repository rather than from its original source (an advantage of the dynamic construction of pages by the system).
BROWSING FROM AN INTERESTING PAGE
Once the user has found a page containing information in which they are interested they might like to find out what other interesting information the system contains which is related to that page.
The GENIE Service allows the searcher to request a list of the index terms which have been used to index the current page by selecting the ''related search terms'' hyperlink [see bottom of Figure 2(b) ]. The result of making this selection for the pages shown in Figures  1 and 2 is shown in Figures 7 and 8 , respectively. These screens can be used to obtain further information items that are ''like'' the interesting item by selecting one or more of the related terms and requesting a further search. Figure 9 illustrates the title list that was found when a search on the topics ''MEAN RELATIVE HUMIDITY'' and ''Ceiling heights'' was performed on the related search term list shown in Figure 8 .
It should be noted that although the search algorithm which is used in GCUS is relatively unsophisticated (the title list includes information items indexed by any one of the search terms with those indexed by the most terms placed at the top of the list), the selection of ''unusual'' terms in the related concepts list leads to relatively few ''hits''.
Implementation
The GENIE Service uses distributed information management software (TIMES) developed by two of the authors (IAN, LMP) in conjunction with a number of interfacing subsystems. In the context of this paper, the user interface is provided through web browsers for enquirers and casual data providers. The search, virtual hierarchy and virtual network pages which go to the browser are generated ''on the fly'' by a CGI (common gateway interface) web server from information provided by the sub-system implemented using the TIMES software. The data page can either be held as it was originally generated by the data provider or can be stored in the TIMES sub-system. The TIMES sub-system supports a variety of searching and indexing methods as standard and permits new searches to be added dynamically. It also supports the replication of information and the automatic maintenance of replicated information. This permits each site to have their own copy of the information if they so wish which helps ensure adequate speed of response without excessive network loading.
Evaluating the GENIE Service
No formal evaluation has been carried out. However, interactions have been logged and facilities were provided for users to email comments. The vast majority of these comments have been favourable although some suggestions for improvements have been made. Researchers have continued to use the system and a number have provided information for inclusion. The only significant problem identified in the logs was a failure VIRTUAL HIERARCHIES AND VIRTUAL NETWORKS by users to select a concept phrase before requesting a retrieval. This problem occurs most frequently when only one concept phrase is displayed (users appear to anticipate that it will be selected by default but most browser implementations do not provide this facility).
The GENIE web service was provided as a demonstration of one of the ways in which access to Global Change information could be delivered to researchers. As such, the design has not been updated and no new server has been implemented following the completion of the contract.
If a new implementation were to be undertaken a number of extra facilities could be offered. These could have the following advantages.
(i) Make the search options more visible and more controllable by the users (e.g. explicitly permitting the users to create search expressions including boolean operators, quorum searching, exact, fuzzy or stem search). (ii) Allow users to organize the responses from a request for related pages as a multilevel hierarchy rather than as a single-level list. (iii) Offer facilities for specifying the method to be used for relevance ordering.
(iv) Offer a graphical as well as a textual overview of the information space. (v) Provide facilities for researchers outside the data centres to create (and publish) their own virtual structures.
It should be noted that all these possibilities had been provided in the X-terminal version of the service which was designed and implemented by one of the authors (PAS).
Conclusions
The paper has endeavoured to analyse the lessons which can be learned from hypertext usability research and to relate these to the current usage of the World Wide Web. The primary problem which is not solved by the current web services was identified as being the need for a multiplicity of information structures and navigation aids to provide support for the actual tasks being performed by the users.
A possible solution was presented which utilizes the capabilities of existing distributed information management software to permit users and data providers acting together through the system to create a set of virtual networks and virtual hierarchies which enable information to be found in an effective and efficient way. The description was illustrated with examples drawn from the GENIE web service which is in regular use by Global Environmental Change researchers in more than 40 countries.
Finally, it must be noted that several other systems exist which use the same techniques and support software to provide multiple virtual networks and virtual hierarchies. Thus, the information in the GENIE system which came from the NASA GCMD can also be viewed by a system developed by one of the authors' colleagues to assist NASA to navigate their information. Figure 10 illustrates this by showing the search screen from this system. The categorization and concepts in this case are those used by NASA, not those used within GCUS. Also this screen is designed for use by more experienced users and thus offers more sophisticated search facilities.
